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Cathepsin-K immunoreactivity distinguishes
MiTF/TFE family renal translocation
carcinomas from other renal carcinomas

G Martignoni', M Pea®, S Gobbo', M Brunelli’, F Bonetti’, D Segala', Chin-Chen Pan?,
G Netto*, C Doglioni®, O Hes®, P Argani* and M Chilosi’

*Anatomia Patologica, Universita di Verona, Verona, Italy; ?Anatomia Patologica, Ospedale Chiarenzi,

Bussolengo, Italy; *Department of Pathology, Taipei Veterans General Hospital, Taipei, Taiwan; *Department

of Pathology and Oncology, Johns Hopkins University, Baltimore, MD, USA; °Department of Pathology,

Istituto Scientifico San Raffaele, Milano, Italy and ®*Department of Pathology, Charles University Hospital,

Pilsen, Czech Republic

The microphthalmia transcription factor/transcription factor E (TFE)-family translocation renal cell carcinomas
bear specific translocations that result in overexpression of TFE3 or TFEB. TFE3 fusion gene product over-
expression occurs as consequence of different translocations involving chromosome Xp11.2, whereas TFEB
overexpression is the result of the specific translocation t(6;11)(p21;q12), which fuses the Alpha gene to TFEB.
Both TFE3 and TFEB are closely related members of the microphthalmia transcription factor/TFE-family, which
also includes TFEC and microphthalmia transcription factor. These transcription factors have overlapping
transcriptional targets. Overexpression of microphthalmia transcription factor has been shown to mediate the
expression of cathepsin-K in osteoclasts. We hypothesize that the overexpression of the related TFE3 fusion
proteins and TFEB in translocation renal cell carcinomas may have the same effect. We studied cathepsin-K in
17 cytogenetically confirmed microphthalmia transcription factor/TFE-family translocation renal cell carcino-
mas. Seven cases showed a 1(6;11)(p21;q12), ten cases showed translocations involving Xp11.2; five cases
t(X;1)(p11;921) resulting in a PRCC-TFE3 gene fusion; three cases t(X;1)(p11;p34) resulting in a PSF-TFE3 gene
fusion, one t(X;17)(p11;925) resulting in an ASPL-TFE3 gene fusion, and one #(X;3)(p11;923) with an unknown
TFE3 gene fusion. As control we analyzed cathepsin-K in 210 clear cell, 40 papillary, 25 chromophobe renal
cell carcinomas and 30 oncocytomas. All seven TFEB translocation renal cell carcinomas were labeled for
cathepsin-K. Among the cytogenetically confirmed TFE3 translocation renal cell carcinomas, 6 out of 10 were
positive. None of the other renal neoplasms expressed cathepsin-K. We conclude the following: (1) cathepsin-K
is consistently and strongly expressed in TFEB translocation renal cell carcinomas and in 6 of 10 TFE3 trans-
location renal cell carcinomas. (2) Cathepsin-K immunolabeling in both TFE3 and TFEB translocation renal cell
carcinomas distinguishes these neoplasms from the more common adult renal cell carcinomas, and may be
a specific marker of these neoplasms. (3) These results further support the concept that the overexpression of
TFE3 or TFEB in these neoplasms activates the expression of genes normally regulated by microphthalmia
transcription factor in other cell types.
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The recently described microphthalmia transcription
factor/transcription factor E (MiTF/TFE) family trans-
location renal cell carcinomas comprise the majority
of pediatric renal cell carcinomas but also occur in
adults. MiTF/TFE family translocation renal cell
carcinomas are characterized by specific chromosome
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aberrations involving the genes transcription factor
E3 (TFE3) and transcription factor EB (TFEB). The
TFE3 transcription factor gene maps to chromosomal
region Xp11.2, whereas the TFEB transcription factor
gene maps to chromosome 6p21."? Several distinct
gene fusions of TFE3 have been reported,”** whereas
only the specific t(6;11)(p21;q12) seems to involve the
locus of TFEB.*> These translocations result in the
contribution of strong promoters that cause over-
expression of the TFE3 fusion proteins or the native
TFEB, such that they become detectable by immuno-
histochemical analysis.>®
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Both TFE3 and TFEB are closely related members
of the MiTF/TFE transcription factor family, which
also includes TFEC and MiTF. All these transcrip-
tion factors bind specific target DNA sequences both
as homodimers or heterodimers, and have over-
lapping transcriptional targets.”'® Recently, DNA
binding and transcriptional studies in osteoclasts
have shown a consistent ability of MiTF to modulate
the cathepsin-K promoter through three consensus
elements, increasing mRNA and protein level of this
papain-like cysteine protease.” As the target DNA
sequences of MiTF overlap with those of TFE3 and
TFEB, we postulated that the overexpressed TFE3
fusion proteins or native TFEB in these renal cell
carcinomas may have the same effect on the
promoter of cathepsin-K. Therefore, in this study
we have evaluated the expression of cathepsin-K in
MiTF/TFE family translocation renal cell carcino-
mas and its potential usefulness as an immuno-
histochemical marker in their differential diagnosis
from other renal cell carcinomas with which they
may be confused.

Materials and methods
Tissue Samples

We collected 17 cases of MiTF/TFE translocation
renal cell carcinomas (Table 1). All the cases had
been earlier reported and cytogenetically con-
firmed.*»*>"*™"” Seven cases harbored the trans-
location t(6;11)(p21;q12), which results in an
Alpha-TFEB gene fusion and all showed confirma-
tory TFEB nuclear immunoreactivity as described
earlier.” Ten cases had translocations involving
Xp11.2, and all ten of these renal cell carcinomas
showed confirmatory TFE3 nuclear immunoreac-
tivity as described earlier.® Five cases showed the
t(X;1)(p11.2;q21) resulting in the PRCC-TFE3 gene

Table 1 Clinico-pathological findings
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fusion; three cases showed the t(X;1)(p11.2;p34),
resulting in the PSF-TFE3 fusion gene; one case
showed the t(X;17)(p11.2;q25), resulting in the
ASPL-TFE3 fusion gene and one case showed the
novel t(X;3)(p11;923)."*For eight cases (cases 1, 2,
6—-8, 10-12), five 1.4mm diameter cores from the
paraffin blocks of each case were used to create
tissue microarrays for immunohistochemical analy-
sis. These tissue microarrays also included six clear
cell renal cell carcinomas and five papillary renal
cell carcinomas. For the other nine cases (case 3-5,
9, 13-17), immunohistochemistry was performed in
whole section slides from selected blocks. As
control we collected 305 renal cell neoplasms from
the files of the Renal Tumor Registry of the
Department of Pathology of the University of
Verona, including 210 clear cell renal cell carcino-
mas, 40 papillary renal cell carcinomas, 25 chro-
mophobe renal cell carcinomas and 30 renal
oncocytomas. Immunohistochemical labeling was
also evaluated in the adjacent non-neoplastic renal
tissues from the kidneys bearing the renal cell
carcinomas.

Immunohistochemical Analysis

All tissue samples were formalin-fixed and paraffin
embedded according to the standard methods. The
sections from tissue blocks of MiTF/TFE family
translocation carcinomas and control cases were
immunolabeled with cathepsin-K using two differ-
ent antibodies (clone CK4, Novocastra, Newcastle,
UK and clone 3F9, Abcam, Cambridge, UK) and
MiTF (clone D5, Neomarkers/LabVision, Fremont,
CA, USA), using previously described methods.*®
Heat-induced antigen retrieval was performed using
a microwave oven and 0.01mol/l of citrate buffer,
pH 8.0, for 30 min. All samples were processed using

Case no. Reference Age/gender Size (cm) Stage Genetic Gene fusion
1 Onder et al** 9/M 3.1 pT1-Nx-Mx T(X;1)(p11;921) PRCC-TFE3
2 Argani et al® (case 6) 10/M 13 pT2-Nx-Mx T(X;1)(p11;q21) PRCC-TFE3
3 Argani et al® (case 7) 9/M 7.5 pT2-Nx-Mx T(X;1)(p11;921) PRCC-TFE3
4 Argani et al® (case 11) 13/F 9 pT2-N1-Mx T(X;1)(p11;q21) PRCC-TFE3
5 Argani et al® (case 5) 9/F 5 pT1-NO-Mx T(X;1)(p11;q21) PRCC-TFE3
6 Parast et al'® 3/M 4 pT1-N1-MoO T(X;1)(p11;p34) PSF-TFE3

7 Perot et al'” (case 3) 9/M 5 pT1-N2-Mx T(X;1)(p11;p34) PSF-TFE3

8 Perot et al'” (case 4) 31/F 5 pT1-NO-Mx T(X;1)(p11;p34) PSF-TFE3

9 Argani et al*® (case 1) 68/F 5 pT1b-NX-MX T(X;17)(p11;925) ASPL-TFE3
10 Argani et al*® (case 25) 32/F 3.4 pT3-N2-Mx T(X;3)(p11;q23) Unknown

11 Argani et al® (case 2) 10/M 12.2 pT3-Nx-Mx t(6;11)(p21;q12) Alpha-TFEB
12 Argani et al** (case 3) 6/F 5 pT1-Nx-Mx t(6;11)(p21;q12) Alpha-TFEB
13 Pecciarini et al*® 54/F 7 pT2-Nx-Mx t(6;11)(p21;q12) Alpha-TFEB
14 Argani et al® (case 7) 33/M 6 NA t(6;11)(p21;q12) Alpha-TFEB
15 Argani et al® (case 4) 20/F 9.5 NA t(6;11)(p21;q12) Alpha-TFEB
16 Argani et al® (case 6) 9/F 2 NA t(6;11)(p21;q12) Alpha-TFEB
17 Argani et al® (case 5) 14/F 4.5 NA t(6;11)(p21;q12) Alpha-TFEB

M: male; F: female; NA: not available.
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a sensitive ‘Bond polymer Refine’ detection system
in an automated Bond immunostainer (Vision-
Biosystem, Menarini, Florence, Italy). Sections
incubated without the primary antibody served as
a negative control. Immunolabeling for cathepsin-K
in the osteoclasts present in 10 specimens of
remodeling bone was the positive control.

Results
Clinico-Pathological Findings

Clinico-pathological findings are summarized in
Table 1. The tumors harboring translocations of
chromosome Xp11 ranged from 3.1 to 13cm in
diameter and occurred in five women and five men
(age range: 3—68 years; mean age: 19 years), whereas
those harboring the t(6;11) occurred in five women
and two men (age range: 6-54 years; mean age:
21 years).

Histological Findings

The Xp11 translocation carcinoma with novel break
points, t(X;3)(p11;q23) (case 10), as reported earlier
shared the same morphological features of the
ASPL-TFE3 renal carcinomas (case 9), showing
nested to papillary architecture composed of clear
cells with voluminous cytoplasm and extensive
psammomatous calcification.” The PRCC-TFE3 re-
nal carcinomas showed a more nested compact
architecture. Psammoma bodies were rare or absent
in these tumors. PSF-TFE3 renal carcinomas were
composed of large polygonal clear cells in a mixed
compact and papillary pattern. All 10 of these cases
were immunoreactive for TFE3 protein. Two t(6;11)
renal cell carcinomas were composed of polygonal
elements, organized in nests and tubules, showing a
sub-population of smaller cells with dark nuclei,
frequently clustering around hyaline material. The
other t(6;11) renal cell carcinomas had papillary
architecture but maintained the dimorphic cytology
(Figure 1a—d). All seven of these cases were immu-
noreactive for TFEB protein. MiTF was negative in
all 17 neoplasms.

Immunohistochemical Findings

Immunohistochemical findings are summarized in
Table 2. All seven of the renal cell carcinomas
bearing the t(6;11) showed strong, diffuse cyto-
plasmic labeling for cathepsin-K with a granular
pattern in 80-100% of the cells. In addition, dot-
like cytoplasmic immunolabeling was observed
in six of these cases. Among the cytogenetically
confirmed Xp11 translocation renal cell carci-
nomas, 6 out of 10 were positive for cathepsin-K.
All five renal cell carcinoma cases bearing the
fusion product PRCC-TFE3 and one of the three
renal cell carcinomas bearing the fusion product
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PSF-TFE3 were positive showing a granular pattern
in 70-100% of the neoplastic cells (Figure 1le-h).
None of the clear cell renal cell carcinomas,
papillary renal cell carcinomas, chromophobe renal
cell carcinomas or renal oncocytomas (Figure 2a—d)
and none of the adjacent non-neoplastic renal
tissue labeled for cathepsin-K (Figure 2e—h) or MiTF.
The cytoplasm of occasional-activated macrophages
within the neoplastic tissue of MiTF/TFE family
translocation renal cell carcinomas or in the papil-
lary cores of the papillary renal cell carcinomas
were reactive for cathepsin-K, serving as an internal
positive control. The immunohistochemical analy-
sis with the two antibodies for cathepsin-K showed
identical results. All the five tissue microarray cores
from each case showed concordant immunohisto-
chemical results (Figure 3).

Discussion

In this study, we show that cathepsin-K is expressed
in all seven t(6;11) renal cell carcinomas bearing
the Alpha-TFEB gene fusion and in all five of the
most common TFE3-positive renal cell carcinomas,
those bearing the t(X;1)(p11.2;q21) and character-
ized by the fusion product PRCC-TFE3. Five of six
TFE3-positive renal cell carcinomas harboring dif-
ferent translocations (three t(X;1)(p11.2;p34) renal
cell carcinomas, one t(X;17)(p11.2;q23) and one
t(X;3) renal cell carcinomas) did not label for
cathepsin-K. Overall, 13 of 17 (76%) MiTF/TFE
family translocation renal cell carcinomas were
positive for cathepsin-K, whereas none of the 305
other renal cell neoplasms representing the most
common renal cell neoplasms subtypes were not
positive.

The rationale of our study was based on studies
of osteoclast biology suggesting direct stimulation
of cathepsin-K expression by MiTF."* As MiTF is
closely related to TFE3 and TFEB, having over-
lapping genomic targets, we postulated that in
MIiTF/TFE family translocation renal cell carcino-
mas cathepsin-K expression could be stimulated
by these aberrantly expressed transcription factors.
Different translocations involving chromosome
Xp11.2 could result in different expression levels
and structures of the TFE3 fusion products, poten-
tially explaining why not all the TFE3-positive
carcinomas express cathepsin-K. TFEB may be a
stronger transcription factor in terms of driving
cathepsin-K expression.

To date, immunohistochemistry for TFE3 and
TFEB is the most reliable test able to distinguish
MIiTF/TFE family translocation renal cell carcino-
mas from formalin-fixed and paraffin-embedded
archive tissue, but sometimes troubles using these
antibodies have been reported.®'® Fluorescence
in situ hybridization can represent an alternative
method for detecting these translocations, as re-
cently suggested, but the method has not been yet
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Figure 1 MiTF/TFE family translocation renal cell carcinomas and the respective immunolabeling for cathepsin-K. (a, e): t(6;11) renal
carcinoma (case 14). (b, f): PRCC-TFE3 renal carcinoma (case 2). (¢, g): PSF-TFE3 renal carcinoma (case 7). (d, h): t(X;3) renal carcinoma

negative for cathepsin-K.

Table 2 Immunohistochemical findings

Case no. Genetic TFE3 TFEB MiTF Cathepsin-K
(% of positive cells)
1 t(X;1)(p11;q21) + Neg Neg 90
2 t(X;1)(p11;921) + Neg Neg 100
3 t(X;1)(p11;q21) + Neg Neg 80
4 t(X;1)(p11;921) + Neg Neg 90
5 t(X;1)(p11;921) + Neg Neg 70
6 t(X;1)(p11;p34) + Neg Neg Neg
7 t(X;1)(p11;p34) + Neg Neg 80
8 t(X;1)(p11;p34) + Neg Neg Neg
9 t(X;17)(p11;925) + Neg Neg Neg
10 t(X;3)(p11;923) + Neg Neg Neg
11 t(6;11)(p21;q12) Neg + Neg 100
12 t(6;11)(p21;q12) Neg + Neg 90
13 t(6;11)(p21;q12) Neg + Neg 80
14 t(6;11)(p21;q12) Neg + Neg 100
15 t(6;11)(p21;q12) Neg + Neg 100
16 t(6;11)(p21;q12) Neg + Neg 90
17 t(6;11)(p21;q12) Neg + Neg 90

+: Diffuse nuclear labelling; Neg: negative.
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Figure 2 All the usual renal cell tumors tested as control were negative for cathepsin-K. (a, e): Clear cell renal cell carcinoma,
(b, f): Papillary renal cell carcinoma, note cathepsin-K immunolabeling the macrophages within the papillary cores. (c, g): Chromophobe

renal cell carcinoma. (d, h): Renal oncocytoma.

validated or standardized.*®*° Our report shows that
immunohistochemical analysis for cathepsin-K is a
highly specific marker (though not completely
sensitive) that can be helpful in the recognition of
MiTF/TFE family translocation renal cell carcino-
mas from other renal cell carcinomas. On the basis
of our results, a positive result strongly supports the
diagnosis of translocation renal cell carcinomas,
although a negative result does not exclude the
diagnosis. Finally, our results support the concept
that the expression profile of translocation renal cell
carcinomas dramatically differs from that of the
usual renal cell carcinomas. Further evidence for
this concept comes from the not-infrequent expres-
sion of melanocytic markers HMB45 and Melan A,
two targets normally activated by MiTF in melano-
cytes, in translocation renal cell carcinomas. Indeed,
the global gene expression profile of translocation
renal cell carcinomas more closely resembles alveo-
lar soft part sarcoma than usual renal cell carcino-
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mas.”® These data collectively suggest that the
therapeutic targets against usual renal cell carcino-
mas may not be effective against translocation
renal cell carcinomas due to the relevant differences
occurring in the molecular pathogenesis of these
carcinomas.

In conclusion (1) cathepsin-K appears to be
consistently and strongly expressed in TFEB trans-
location carcinomas. (2) Cathepsin-K is expressed
in 6 out of 10 TFE3 translocation carcinomas. It is
possible that expression of cathepsin-K may be
related to the specific TFE3 fusion harbored by the
neoplasm. (3) Cathepsin-K immunoexpression in
both TFE3 and TFEB translocation carcinomas
distinguishes these neoplasms from the more com-
mon adult renal cell carcinomas. (4) These results
suggest that the overexpression of TFE3 fusion
proteins or native TFEB in these renal neoplasms
activates expression of genes normally regulated by
MiTF in other cell types.



MiTF/TFE family renal translocation carcinomas and cathepsin-K @
G Martignoni et al

1021

Figure 3 All the five tissue microarrays cores from each case showed concordant immunohistochemical results. (a, d): Tissue micro-
arrays cores from a papillary renal cell carcinoma and a Clear cell renal cell carcinoma negative for cathepsin-K. (b, c, e): MiTF/TFE
family translocation renal cell carcinomas showing strong and diffuse immunolabeling for cathepsin-K (Cases 7, 2 and 11).
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